INTRODUCTION

48
To adapt to changing environments and survive exposure to harsh conditions, organisms have evolved neighbouring features such as genes in an operon. An interaction count table was generated of reads 188 that mapped to more than one feature and thus are considered as interacting pairs. The interaction 189 count matrix then allowed statistical analysis of each interacting pair using a hypergeometric test. This 190 compares the number of interaction read counts for each specific interaction with the number of other 191 interaction read counts formed by each member of that pair, but with other RNAs. All interaction pairs 192 with a P-value below 0.05 were extracted as significant interactions. To increase confidence in the 193 identified interactions a second analysis was carried out where the pairs of sequenced samples were 194 analysed together and untranslated regions were combined with coding sequences. The 195 hypergeometric test was repeated and a P-adjusted value was calculated using Benjamini and 196 Hochberg to control for the false discovery rate which was set at 0.05 34 .
198
To add further confidence to which interacting pairs form the most likely interactions, the interacting 199 pairs were further assessed by in silico prediction with IntaRNA2.0, which predicts the stability and 200 binding position between two interacting RNA pairs (36, 37) . The gene and any untranslated region that 201 has been identified associated with the gene of interest (12) were included in the prediction to take into 202 account the transcriptional start and stop sites. If no UTR had been identified for an mRNA the 50 bp 203 up and downstream of the start and stop site were employed. and 10 µg of peptides were desalted using StageTip 35 .
template. The oligos CC089, CC964 and CC875 were 5' end-labelled with T4 polynucleotide kinase 268 (PNK) and [g-32 P]-ATP and used to probe sucC, ppnkB and RoxS RNA respectively. 
278
Electrophoretic mobility shift assays (EMSA) CC2492/CC2493 respectively. A 15 l reaction was prepared by mixing 2 pmol of S345/RosA RNA with 282 an increased concentration of RoxS or FsrA RNA (1, 2, 3 and 4 pmol) in 1X the RNA binding Buffer (10 283 mM tris pH8; 50 mM NaCl; 50 mM KCl, 10 mM MgCl2). The Mix was heated for 3 min and cool down at 284 room temperature for 10 min. After cooling, 10 l of glycerol (Stock solution 80%) was added and the 285 RNA were loaded on a 6% non-denaturing polyacrylamide gel (Acry:bisacry -37.5:1). RNA was 286 transferred on to a Hybond N+ membrane and hybridized with the S345/RosA radiolabelled probe 287 (CC2347).
289
Strain Competition experiment
290
Strains marked with appropriate antibiotics were combined at a 1:1 ratio, inoculated at a starting O.D.600 291 nm and grown for 24 hours in LB. To confirm starting ratios at a 1:1 ratio colony counts were performed 292 on the initial inoculum. At 24 hours cultures were serially diluted and plated on LB plates containing the 293 relevant antibiotics to enable counting of each strain. Ratios of strains were calculated and Welch's T test was used to determine significance. An average of three technical replicates each containing three 295 biological replicates was carried for each combination of strains. To identify new sRNA-mRNA interactions in B. subtilis we applied the LIGR-seq protocol 26 to B. subtilis 301 cells growing in M9 minimal media supplemented with 0.3 % glucose (exponential and transition phase) 302 or in LB (WT and ∆fur mutant at exponential phase). The ∆fur mutant was included to increase the 303 expression levels of the sRNA FsrA, the transcription of which is repressed by Fur. Cells were irradiated 304 at 365 nm with the chemical crosslinker AMT (4'-aminomethyltrioxsalen). Biological replicates of each 305 sample were prepared. RNAs were extracted, ligated, and non-crosslinked RNA was digested with throughput sequencing to detect chimeras formed by ligation.
309
We designed and analysed the resulting RNA-seq data for chimeras using a customized pipeline. This 310 included using STAR aligner which is designed for mapping RNAseq data containing splicing of introns 311 and exons in data sets produced from eukaryotes 37 . We discovered that carrying out the alignment 312 using single-end read mode and activating the chimeric detection increased the sensitivity of the 313 chimeric read detection. This also enabled us to map chimeric reads where the ligation of the two 314 fragments occurred close to the read ends.
316
In each of the eight individual samples analysed, many potential RNA-RNA interactions were identified 317 through using the customized pipeline (see Methods). However, to validate the data, we focused on 
330
(CitZ) 14 . Our data showed a statistically significant interaction between RoxS and the citZ mRNA and 331 also for odhA which encodes 2-oxoglutarate dehydrogenase (E1 subunit).
333
The above data confirm the validity of the LIGR-seq technique to identify new potential sRNA-mRNA 334 interactions in bacteria. We suggest therefore that as a method AMT crosslinking may be considered interaction is not only of strong statistical significance but was found in multiple growth conditions interact with S345 ( Figure 2B and supplementary Figure 1 ) 43 . The interaction with FsrA is predicted to 352 incorporate GRR2 of S345 and CRR2 of FsrA ( Supplementary Figure 1) . Intriguingly, the interaction 353 with RoxS is predicted to incorporate both GRR1 and GRR2 of S345, and CRR1, CRR2 and CRR3 of 354 RoxS ( Figure 2B ). Both predictions include two long stretches of interacting nucleotides, suggesting 355 these two RNA pairs can form stable duplexes.
357
RoxS interacts directly with S345 in vitro.
358
To confirm the potential interaction between S345 and RoxS or FsrA, we performed an Electrophoretic and loaded on a non-denaturing acrylamide gel. The results show that RoxS can bind very efficiently to 361 S345, producing a sharp band of higher molecular weight and a full-shift of S345 even at the lowest 362 molar ratio of RoxS to S345 tested (0.5). Complex formation between FsrA and S345 was less efficient 363 and the complex was less well defined, but nonetheless visible. A full shift of S345 was not apparent 364 even at a 2-fold excess of FsrA ( Figure 3 ). When both RoxS and FsrA were incubated together with 365 S345, the interaction was clearly in favour of RoxS, with only trace quantities of the FsrA-S345 complex 366 visible. These results suggest that RoxS has a higher affinity for S345 than FsrA and are in agreement 367 with the longer predicted duplex between these two sRNAs.
368 369 S345 is a highly processed sRNA 370 To begin to characterize S345, we first assayed its expression pattern and stability in the same 371 conditions as those used in the crosslinking experiment (LB and in M9 minimal medium + glucose).
372
Northern blot analysis of total RNA isolated at different times after the addition of rifampicin to block new 373 transcription showed that the level of the S345 RNA is higher in LB than in M9 at mid-exponential phase and 3 are 230 nts, 185 nts and 120 nts, respectively ( Supplementary Figure 2A) . The half-life of the 376 largest species (1) was less than 1 minute, while the dominant species (2) had a slightly greater stability, 377 with a half-life of 1.9 minutes in LB. The shortest species (3) had the longest half-life: 7.1 minutes in LB 378 ( Figure 4 ). Since the half-lives of the three forms of S345 are similar in M9 + glucose, the lower levels 379 of S345 in this medium are most likely due to transcriptional regulation (see below).
381
The 5'-end of S345 was suggested from the sequencing product of the LIGR-seq data and was 382 confirmed by primer extension using an oligo close to the putative S345 transcriptional terminator 383 (supplementary Figure 2B ). We were able to predict a putative sigma-A promoter that fits perfectly with 384 this mapped 5' end ( Figure 1) . Moreover, the distance between the mapped 5' end and the putative 385 transcriptional terminator is 229 nts, which corresponds well with the size of the largest band detected 386 by Northern blot and suggests that species 1 corresponds to the primary S345 transcript.
388
The Northern blot in Figure 4 was performed with an oligonucleotide probe starting 30 nts from the 5' 389 end of S345. A second probe starting only 10 nts from the 5' end gave a similar pattern (data not shown).
390
We thus deduced that the three major forms of S345 have the same 5' end and that species 2 and 3 391 are processed from the primary transcript at 3' proximal sites. In agreement with this hypothesis, when 392 S345 was first identified by tiling array, an extended 3' region was identified that was annotated as S346 393 12 . The size of our proposed primary transcript corresponds to the sum of the annotated segments S345 394 + S346. Our LIGR-seq data showed numerous truncations of S345 at its 3' end and allowed us to 395 determine an approximate position for the cleavage site generating species 2 ( Figure 2B ). The 396 processing of the 3' end of S345 was further confirmed as we were also able to map the 5' end of a 3' 397 degradation product (*) stabilized in a ∆rnjA mutant strain by primer extension. This corresponds to an 
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To determine whether S345 had an effect on RoxS levels or stability in vivo, we measured the rate of 407 RoxS RNA degradation before and after the addition of rifampicin to WT and ∆S345 mutant strains. The 408 experiment was done in LB, since S345 is expressed at higher levels in this medium. Samples were RoxS has been previously shown to negatively impact the stability of the ppnKB and sucCD mRNAs 423 encoding an NAD(H) kinase and succinate dehydrogenase, respectively 14 . If S345 indeed modulates 424 the availability of RoxS to interact with its targets, we would predict that the half-life of these transcripts 425 would decrease in the ∆S345 strain due to the additional free RoxS in the cell ( Figure 5A ). In Northern 426 blot experiments performed on cells growing in LB medium, the half-life of the ppnKB mRNA was indeed 427 decreased 4.7-fold in ∆S345 cells compared to WT ( Figure 5B ), consistent with the increased amounts 428 of RoxS in the ∆S345 strain. To confirm that the effect on the half-life of the ppnkB mRNA in this strain was due to the increase in RoxS levels, we constructed a strain lacking both sRNAs (S345 and RoxS).
( Figure 2A ).
453
To determine the global effect of RosA on RoxS and FsrA targets, and potentially identify other roles for antibiotic resistance cassette and the phleomycin resistant ∆rosA mutant at a 1:1 ratio, which was 487 confirmed by colony counts carried out on the starting culture. We then counted the number of ∆rosA 488 and WT bacteria after 24 hours. The ∆rosA strain was recovered at significantly lower levels than the 489 WT suggesting that it is at a competitive disadvantage (Figure 7) . In a control experiment, we also 490 competed a phleomycin resistant strain deleted for yqbR, a gene located on the Skin prophage region,
491
that was shown to be transcriptionally inactive in LB by Nicolas et al 12 . This strain retained a 1:1 ratio 492 with the WT strain after 24 hours. We were also able to restore the fitness deficit of the ∆rosA strain with 493 ectopic expression of RosA at the amyE locus. We propose that the reduction in the levels of enzymes 494 of the TCA cycle, targeted by increased expression of FsrA and RoxS in the ∆rosA strain, gives these 495 bacteria a fitness disadvantage as they are unable to generate ATP as quickly the WT strain. To confirm the regulation of rosA by CcpA we fused the promoter of rosA to GFP using the BaSysBioII 511 vector 32 . We monitored expression of this fusion in WT B. subtilis and in an isogenic mutant lacking the 512 ccpA gene. No difference in ProsA-GFP expression could be seen between the WT and the ∆ccpA 513 strain in LB medium ( Figure 8A ). Addition of 0.3 % (w/v) glucose to the medium resulted in repression 514 of rosA promoter activity in the WT strain ( Figure 8B) , whereas in the absence of ccpA the rosA promoter 515 remained active, as predicted ( Figure 8B ).
517
We performed a similar experiment where we measured the levels of RosA RNA in a defined medium 518 with 1% malate or arabinose by Northern blot ( Figure 8C ). RosA levels were similar in WT and ∆ccpA 519 mutant strains grown in arabinose where CcpA is inactive on its targets. In contrast, as observed with 520 the promoter fusion, RosA expression was repressed in the WT strain and this repression was alleviated 521 in the ∆ccpA mutant strain grown in a medium supplemented with malate.
523
We also measured RosA expression during a switch in carbon source. B. subtilis WT and ∆ccpA strains 524 were first grown to late exponential phase in a defined medium with arabinose as the sole carbon source, 525 before adding 1% malate to promote carbon catabolite repression. Cells were harvested during 526 exponential phase and 30 and 60 min after addition of malate and RosA RNA levels were measured by landscape 51 and this idea has recently been getting increased traction in bacteria. Indeed, several switch to new partners for which it had a greater affinity. Further experiments are required to explore 590 this possibility.
TCA cycle, malate is converted to lactate and acetate via fermentation pathways normally repressed by subtilis metabolism. Science 335, 1099-1103, doi:10.1126/science.1206871 (2012) . TTACCTATTT CAAATGGATA CGGTCGCATA TCATGCCGTT ATATAGAGGG GATAAGCAAC  AGAGAGTAAG TGTTCGGAGC GCATCATTGG TCAAACAAGG GGTTCCTGAT ACATGATTTT  TCGTAAATCG AAATAACGAT ATTAGGGAGA ATGGCTGCTT CGATCGTATC CTATCAACAA  GCCATACATA AAGTCTGCTG AGCCAGGCTT S345/RosA 
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